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CP-violation in the Higgs sector remains a possible source of the baryon asymmetry of the uni-
verse. Recent differential measurements of signed angular distributions in Higgs boson production
provide a general experimental probe of the CP structure of Higgs boson interactions. We interpret
these measurements using the Standard Model Effective Field Theory and show that they do not
distinguish the various CP-violating operators that couple the Higgs and gauge fields. However,
the constraints can be sharpened by measuring additional CP-sensitive observables and exploit-
ing phase-space-dependent effects. Using these observables, we demonstrate that perturbatively
meaningful constraints on CP-violating operators can be obtained at the LHC with luminosities of
O(100/fb). Our results provide a roadmap to a global Higgs boson coupling analysis that includes
CP-violating effects.
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I. INTRODUCTION
The matter-antimatter asymmetry of the Universe pro-
vides one of the primary motivations to study exten-
sions of the Standard Model of Particle Physics (SM).
Various ideas have been proposed [1, 2] that satisfy the
Sakharov conditions [3] to generate a net surplus of mat-
ter over anti-matter throughout the Universe. One of the
most popular and thoroughly studied approaches is elec-
troweak baryogenesis [4–7], which requires C- and CP-
violating interactions to be present during a phase of ex-
panding regions of non-trivial vacuum expectation value,
i.e. a strong first-order phase transition. Although the
SM provides a source for baryon and lepton number vi-
olation through sphaleron transitions [4, 8, 9], it falls
short of a complete explanation of the matter-antimatter
asymmetry on two accounts: the CP-violating phase in
the weak interactions of quarks is not large enough to ex-
plain the observed asymmetry and the electroweak phase
transition is not a strong first-order phase transition.
In extensions of the SM, the required CP violation
is often obtained by introducing complex phases into
the scalar sector [10] or into Higgs-fermion interac-
tions [11, 12]. Precision studies of the Higgs boson in-
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teractions, in particular CP-violating interactions, can
therefore provide a window into the dynamics of the early
Universe and can help us to unravel the mechanism un-
derlying the matter-antimatter asymmetry.1 The current
constraints on the Higgs boson interactions provided by
the ATLAS and CMS experiments at the Large Hadron
Collider (LHC) still allow coupling deviations of 10% (or
larger) from the SM predictions [17–23]. As such, they
are too loosely constrained to provide a fine-grained pic-
ture of electroweak symmetry breaking. Analysing the
detailed properties of the Higgs boson therefore remains
at the heart of the LHC research programme.
In this Letter, we present combined constraints on CP-
odd operators in the Higgs sector using only measure-
ments sensitive to interference between these operators
and those of the SM (the physics potential of such an
analysis was discussed recently in Ref. [24]). We start
with ATLAS measurements of model-independent differ-
ential cross sections in the h → γγ and h → ZZ∗ → 4`
decay channels [25, 26]. Model-independent data are cru-
cial in avoiding unnecessary assumptions about the na-
ture of specific Higgs boson couplings. The data are rein-
terpreted using the dimension-6 Standard Model Effec-
tive Field Theory (SMEFT) [27]. The EFT is linearised
to ensure that constraints on CP-violating operators in
the EFT are driven entirely by CP-sensitive observables,
whereas kinematic information such as transverse mo-
1Modifications to the Higgs boson self coupling can induce a strong
first-order electroweak phase transition [13–16]. The measurement
of the Higgs boson self coupling therefore complements searches for
CP violation in the Higgs sector to explain the matter-antimatter
asymmetry.
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2mentum distributions are instead used to constrain CP-
even operators.
The ATLAS experiment has performed two CP-
sensitive differential measurements of the signed az-
imuthal angle between the hadronic jets in h + 2 jet
events. We use these measurements to calculate a com-
bined asymmetry in this angle of 0.3± 0.2. Interpreting
the results in the SMEFT, we find that the current data
cannot distinguish between different sources of CP vi-
olation, with three blind directions when one considers
the four CP-odd operators that cause anomalous Higgs
boson interactions with weak bosons or gluons. We then
demonstrate how the blind directions in the CP-odd cou-
pling space can be removed using observables that can
already be measured with the existing LHC datasets.
Building on these insights, we provide projections for the
upcoming LHC Run-3 and the high-luminosity LHC (HL-
LHC), where the available dataset will increase by factors
of 10 and 100, respectively.
The Letter is organised as follows. We motivate the lin-
earised dimension-6 effective field theory in Sec. II. Sec-
tion III provides an overview of technical aspects of our
analysis. The constraints on EFT operators obtained by
fits to published model-independent data are presented
in Sec. IV. In Sec. V we propose new measurements be
made and show their expected impact on constraining
the different sources of CP violation in the Higgs sector.
Finally, we conclude in Sec. VI.
II. THEORETICAL FRAMEWORK
New CP-violating effects in the Higgs boson’s inter-
actions with gluons or weak bosons can be introduced
through a minimal set of CP-odd dimension-6 opera-
tors [27]:
OHG˜ = H
†HGaµνG˜aµν , (1a)
OHW˜ = H
†HW aµνW˜ aµν , (1b)
OHB˜ = H
†HBµνB˜µν , (1c)
OHW˜B = H
†τaHBµνW˜ aµν , (1d)
where H is the Higgs doublet and G,W,B are the
SU(3) × SU(2) × U(1) field strength tensors. The τa
are the SU(2) generators. Fields with a tilde are the
dual tensors, e.g. G˜aµν = ε
abcGbcµν/2.
These operators could originate from complex phases
in the interactions between the Higgs boson and heavy
fermions, whose masses are far above the electroweak
scale. Additional complex phases in the SM Yukawa sec-
tor would be another source of CP-violation, e.g. in the
tt¯h interaction [28–31]. Any kinematic effect from this in-
teraction would be degenerate with OHG˜ in gluon-fusion
production as long as the mt threshold is not resolved
kinematically, which does not happen for our choice of
measurements. An associated blind direction is therefore
implied in our constraints.
The operators of Eq. (1) are well-motivated candidate
interactions for our analysis. They are closed under RGE
flow [32–36], allowing well-defined constraints. Further-
more, the small number of operators can be probed with
a few differential distributions.
For completeness, analogous CP-even deformations to
the SM are also introduced (OHG, OHW , OHB , OHWB).
The effective Lagrangian is then defined as
L = LSM +
∑
i
ci
Λ2
Oi (2)
where the sum runs over the CP-even and CP-odd oper-
ators. This allows us to split the amplitude into an SM
part, MSM, and a genuine Beyond the Standard Model
(BSM) dimension-6 part, Md6. Including all dimension-
6 effects yields
|M|2 = |MSM|2 + 2Re (M?SMMd6) +O(Λ−4). (3)
The integration over interference terms (proportional to
1/Λ2) vanishes when only CP-odd EFT operators con-
tribute [37] at dimension-6 because the SM amplitude is
CP-even and the integrated effect of interfering the SM
amplitude with a CP-odd amplitude is zero. This means
that there is no contribution from the interference term
to the inclusive rate, or to CP-even observables such as
transverse momenta and invariant masses, and the only
contribution is to appropriately constructed CP-odd ob-
servables. This is not the case for terms proportional to
1/Λ4, which contain the squared dimension-6 amplitude
and produce a CP-even effect regardless of the nature
of the operator. This has historically served as a moti-
vation to constrain CP-odd operators with momentum-
dependent observables in a range of production modes
[25, 29, 31, 38–45]. However, such an approach is more
model-dependent since it neglects dimension-8 operators
that interfere with the SM and in general produce similar
O(1/Λ4) effects.
In this Letter we limit ourselves to interference-only
effects so the constraints on CP-odd operators will be
entirely derived from CP-odd observables, which are dis-
cussed in the next section. This approach is naturally
less sensitive compared to including |Md6|2 terms so it
provides a conservative outlook into the future: if pertur-
batively meaningful constraints can be obtained in the
linearised approach, these will only be strengthened if
|Md6|2 terms are included.
The interference-only contribution from each operator
to each observable is constructed using Madgraph5 [46]
and the SMEFT implementation of Ref. [47]. Event sam-
ples are produced separately for gluon-fusion and weak-
boson-fusion production at fixed values of ci = 1 and
Λ = 1 TeV. These parton-level events are passed to
Pythia8 [48] to model the Higgs-boson decay, parton
showering, hadronisation and multiple parton interac-
tions. Rivet [49] is then used to select events in each
decay channel and to construct each observable accord-
ing to the selection criteria published in the experimen-
tal papers. The cross-section contribution in each bin
3is multiplied by Γh→XX(ci)/Γh(ci), to account for the
Higgs-boson branching fraction at the given point in EFT
coupling space. Interference-only predictions for each ob-
servable at other values of the Wilson coefficients are ob-
tained by linear scaling.
All Standard Model predictions are taken from the ex-
perimental publications [25, 26]. The gluon-fusion pro-
cess was determined using Powheg NNLOPS [50] and
scaled to the N3LO inclusive cross section calculation
with NLO electroweak corrections [51–54]). For vec-
tor boson fusion and Higgs boson production in asso-
ciation with a weak boson, the SM predictions were de-
termined using Powheg [55–58] and each were scaled to
the NNLO calculation with NLO electroweak corrections
applied [59–64].
III. FRAMEWORK AND FITTING
We implement our statistical tests by constructing a
likelihood function L(c/Λ2) for all the observables
L(c/Λ2) =
observables∏
i
Li(c/Λ
2) , (4)
with Li(c/Λ
2) denoting the likelihood of an individual
observable oi for a given vector of EFT coefficients c/Λ
2.
We assume Gaussian uncertainties on the h → γγ and
h → 4` differential cross-section measurements and ex-
press the likelihood as
Li(c/Λ
2) =
1√
2piσ2
exp
(
− (oi − τ i)
2
2σ2
)
, (5)
with τi = τi(c/Λ
2) denoting the expected cross-
section vector, which is constructed from the SM and
interference-only cross-section contributions discussed in
the previous section. Estimators (cˆ/Λ2) for the Wilson
coefficients are obtained by numerically maximising L
to obtain Lmax, and confidence intervals (CI) are con-
structed using the asymptotic behaviour of the likeli-
hood. The CI are defined by finding value(s) of c/Λ2
such that for a fixed CI
1− CI =
∫ ∞
−2 lnL(c/Λ2)+2 lnLmax
fχ2(x;m dof) dx , (6)
with fχ2(x;m dof) denoting the χ
2-distribution with m =
dim(c) degrees of freedom.
The likelihood function is implemented in the Gamma-
Combo package [65], which uses Minuit to carry out the
numerical maximisation and relevant profiling. The two-
dimensional coverage of the shown results correspond to
68.3% and 95.5% CI. The level of bias in the estimators
c/Λ2 and the accuracy of the coverage have been tested
using ensembles of pseudo-experiments generated around
the SM and benchmark points.
IV. RESULTS WITH EXISTING
MEASUREMENTS
The most constraining model-independent Higgs bo-
son measurements are the differential cross sections in
the h → γγ and h → ZZ∗ → 4` decay channels. In
this analysis we use recent ATLAS measurements made
at
√
s = 13 TeV [25, 26]. The differential cross sec-
tions published by CMS [66, 67], and by ATLAS in the
h → WW ∗ → `ν`ν decay channel [68], do not include
observables sensitive to CP-odd interference effects and
are therefore not included in our combination. As yet,
differential cross sections have not been published for any
other Higgs boson decay channels.
Of the distributions measured in the h → γγ and
h → ZZ∗ → 4` decay channels, only the signed ∆φjj
between the two jets in h+ 2 jet events is a CP-sensitive
observable. The signed ∆φjj probes the CP structure of
the Higgs boson’s interaction with gluons or weak bosons
in the gluon-fusion [39, 69, 70] (see also [71]) and vector-
boson fusion [38] production mechanisms, respectively,
and is defined as
∆φjj = φ1 − φ2, (7)
where φ1,2 are the azimuthal angles of the two jets with
the highest transverse momentum (pT) in the event, or-
dered according to their rapidities (y) such that y1 > y2.
The asymmetry in the signed-∆φjj distribution is a
model-independent probe of CP-violation.2 and is de-
fined as
A =
σ(0 < ∆φjj < pi)− σ(−pi < ∆φjj < 0)
σ(0 < ∆φjj < pi) + σ(−pi < ∆φjj < 0) ,
where σ is the measured fiducial cross section in each
region of ∆φjj . The asymmetry obtained by statisti-
cally combining the ATLAS data in the h → γγ and
h → ZZ∗ → 4` decay channels is 0.3 ± 0.2.3 If the cen-
tral value were to persist in future high-precision mea-
surements made with larger datasets, it could be an in-
dication of non-SM CP-violation in the Higgs sector.
The global analysis framework discussed in Sec. III is
used to characterise the possible source of the modest
asymmetry. All four CP-odd operators in Eq. (1) can
produce an asymmetry in the signed ∆φjj distribution.
2Asymmetries in ∆φjj can result either from a CP-odd operator or
from an absorptive phase of a CP-even operator [24]. We take all
Wilson coefficients to be real and extract constraints on the CP-
odd operators; the constraints can be more generally interpreted
as applying to the combination of the CP-odd operators and the
imaginary coefficients of the CP-even operators.
3The measurement have uncertainties that are dominantly statisti-
cal, so correlations in systematic uncertainties are expected to have
a negligible impact on the combined asymmetry. The signed-∆φjj
distribution in the h→ ZZ∗ → 4` measurement was originally pre-
sented in the range 0 < ∆φjj < 2pi and is transformed accordingly
for the analysis presented here.
4Coefficient
[
TeV−2
]
Constraint
cHG˜/Λ
2 [ -0.19 , 0.03 ]
cHW˜ /Λ
2 [ -3 , 16 ]
cHB˜/Λ
2 [ -2900 , 3300 ]
cHW˜B/Λ
2 [ -730 , 160 ]
TABLE I: The 95% confidence interval for each Wilson coef-
ficient, in units of TeV−2, when all other Wilson coefficients
are set to zero.
15− 10− 5− 0 5 10 15 20
]-2 [TeV2Λ/W~Hc
0.4−
0.2−
0
0.2
]
-
2
 
[T
eV
2
Λ/
G~
Hc
), H(ZZ)γγ in H(jjφ∆
=0
BW~H
=0,  cB~Hc
FIG. 1: Constraints on the coefficients of two CP-odd op-
erators from data when setting all other Wilson coefficients
to zero. Contours are presented when using only the signed
∆φjj distribution. Inner and outer shaded regions represent
the 68.3% and 95.5% CI, respectively.
Table I shows the one-dimensional 95% confidence level
constraints from a fit to the measured ATLAS differential
∆φjj distributions.
The signed ∆φjj distribution is mainly sensitive to the
OHG˜ and OHW˜ operators, with little sensitivity to the
other CP-odd operators. This is because only the OHG˜
operator affects gluon-fusion production, and WWh in-
teractions dominate the weak-boson-fusion contribution.
To constrain the OHB˜ and OHW˜B operators we need ob-
servables dominated by Higgs boson interactions with the
Z boson; we will discuss such observables in Sec. V.
The correlation between the leading operators affecting
gluon fusion and vector-boson fusion are shown in Fig. 1.
The constraints are highly correlated since the operators
can not be distinguished just from the asymmetry of the
∆φjj distribution. ATLAS measures the distribution in
four bins in the h → γγ channel so it provides a mod-
est discrimination of the cHG˜ and cHW˜ operators. The
correlation between these operators could be further re-
duced by separating the ∆φjj measurements into regions
that enhance either gluon fusion or vector-boson fusion.
We will discuss such a possibility in Sec. V.
Finally, although CP-even observables do not help with
understanding possible sources of CP-violation, they pro-
vide information on associated operators in the EFT. If
one of the CP-odd operators in Table I were shown to
be non-zero, one would clearly want to know the allowed
values of the corresponding CP-even operator. Figure 2
shows the constraints on the CP-even operators that can
be obtained from the ∆φjj distribution, and the sig-
nificant additional constraining power of the jet multi-
plicity distribution (Njets = 0, 1) measured by ATLAS
in the h → γγ and h → ZZ∗ → 4` decay channels.
There is good agreement between the data and predic-
tions for both the SM and EFT hypotheses in all the fits,
as demonstrated by the χ2 values shown in Table II.
Coefficient(s) Variable(s) χ2 / ndf
cHG˜/Λ
2 ∆φjj 3.5 / 5
cHW˜ /Λ
2 ∆φjj 3.6 / 5
cHB˜/Λ
2 ∆φjj 5.5 / 5
cHW˜B/Λ
2 ∆φjj 3.9 / 5
cHW˜ /Λ
2 : cHG˜/Λ
2 ∆φjj 3.3 / 4
cHW˜B/Λ
2 : cHW˜ /Λ
2 ∆φjj 3.5 / 4
cHW /Λ
2 : cHG/Λ
2 ∆φjj , Njets 7.6 / 8
cHW /Λ
2 : cHB/Λ
2 ∆φjj , Njets 6.5 / 8
TABLE II: Summary of the fit quality for all one-dimensional
and two-dimensional fits of Wilson coefficients to existing
measurements. The χ2 values are calculated from the max-
imised likelihood shown in Eq. 4. The corresponding SM hy-
potheses have χ2SM/ndf = 5.5/6 and χ
2
SM/ndf = 8.2/10 for
fits to the ∆φjj data only and to the combined ∆φjj and jet
multiplicity (Njets) data, respectively.
In contrast to the CP-odd operators, the net effect of
the interference between MSM and Md6 is non-zero for
CP-even operators, so rate and kinematic information
can be used to significantly constrain the correspond-
ing Wilson coefficients. Figure 2 (top) shows that the
OHG operator can be untangled easily from OHW , be-
cause operators affecting gluon fusion production have
the same impact in both decay channels, whereas opera-
tors affecting the Higgs interaction with weak bosons are
most tightly constrained by the h→ γγ branching ratio.
Blind directions still exist, however, when constraining
two operators that affect the h → γγ branching ratio,
as shown in Fig. 2 (bottom). In a global analysis with
other Higgs-boson measurements, all of these operators
will be more tightly constrained [22, 72]. We emphasise
that the ability to constrain the CP-odd couplings us-
ing CP-sensitive observables will not be affected by blind
directions in the CP-even coupling space.
V. ENHANCING THE SENSITIVITY TO
CP-VIOLATION IN THE HIGGS SECTOR
The results of the fit to existing data raise the ques-
tion of how we can improve sensitivity to CP-odd ef-
fects through targeted measurements. In particular, the
current ATLAS ∆φjj measurements do not distinguish
between CP-violating interactions in gluon fusion and
vector-boson fusion production of the h+2 jet final state.
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FIG. 2: Constraints on the CP-even operators from ∆φjj
measurements only, and from a combination of the ∆φjj and
jet-multiplicity measurements. The best-fit points are shown
within the contours. Inner and outer shaded regions represent
the 68.3% and 95.5% CI, respectively.
This degeneracy can be trivially removed by separating
the measurement into regions that enhance either gluon
fusion or vector-boson fusion. ATLAS have constrained
CP-odd operators that impact vector-boson fusion in a
VBF-enhanced phase space in the h → ττ decay chan-
nel [73]. However, CP-odd operators that impact gluon
fusion were not considered and the CP-sensitive observ-
ables were not presented in a well-defined fiducial region.
We are therefore not able to include the results in our
combination.
It is also important to address the lack of sensitivity
to the OHB˜ and OHW˜B operators. These operators can
be probed through the study of angular production and
decay observables in Higgs boson production processes
[74–85]. For the h → ZZ∗ → `+`−`′+`′− system, an
angle that is particularly sensitive to CP is the Φ variable
[85] defined through
cos Φ =
(p`− × p`+) · (p`′− × p`′+)√
(p`− × p`+)2 (p`′− × p`′+)2
∣∣∣∣
h
, (8)
calculated in the Higgs boson centre-of-mass frame. This
observable could already be measured with existing data.
Decay angles have been used by both ATLAS and CMS
to search for CP-violation in the h → ZZ∗ → 4` and
h→ WW ∗ → `ν`ν decay channels [86, 87]. However, in
these searches, the detector-level data were analysed us-
ing either boosted decision trees or matrix-element-based
likelihood analyses and the results cannot be interpreted
in terms of the CP-odd operators we consider. The re-
sults are consistent with zero CP-asymmetry.
The impact that additional measurements could have
in a global analysis is studied using pseudo-data assum-
ing 36/fb of integrated luminosity at
√
s = 13 TeV. In
both the h → ZZ∗ → 4` and h → γγ decay channels,
the pseudo-data are constructed for the signed ∆φjj us-
ing the SM expectation and the measured uncertainties
in data, since the measurements are dominated by either
signal or background statistical uncertainties. A two-bin
signed ∆φjj distribution is constructed in VBF-enhanced
and VBF-suppressed regions in the h→ γγ channel, us-
ing the published differential cross sections and SM ex-
pectations for the Njet ≥ 2 and VBF-enhanced phase
spaces from [25].
The results of the global analysis of the pseudo-data
are shown in Fig. 3(a) when constraining the OHG˜ and
OHW˜ operator coefficients, with all other Wilson co-
efficients set to zero. It is clear that these opera-
tors can be distinguished by appropriate measurements
of signed-∆φjj in VBF-enhanced and VBF-suppressed
phase spaces, and the constraints are further improved
with the addition of the Φ decay-angle observable in
events with Njet < 2. Furthermore, the addition of the Φ
variable allows the extraction of the OHB˜ or OHW˜B co-
efficient. Figure 3(b) shows the constraints on the OHB˜
coefficients using the decay angle information alone, and
the improvement in the 2D plane when the signed ∆φjj
information is added.
The combination of all CP-sensitive observables is im-
portant when constraining all operators simultaneously.
To demonstrate this we recalculate the 2D constraints af-
ter marginalising over the other CP-odd operators. The
marginalisation is subject to a perturbativity constraint
such that ∑
i
|σiBSM×SM|/σSM < 0.5, (9)
where σiBSM×SM is the cross section of the interference
term in bin i of the observable.4 This requirement en-
sures that potential (ci/Λ
2)2 contributions to the inter-
ference term 2Re (M?SMMd6), which include diagrams
with two dimension-6 vertices, will be smaller than the
leading term ci/Λ
2 that we consider in our analysis. With
the current data the marginalisation over parameters
4The modulus is taken to avoid cancellation that would otherwise
result from summing across all bins of the measured observable.
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(a)Constraints on OHG˜ and OHW˜
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(b)Constraints on OHW˜ and OHB˜
FIG. 3: (a) Individual constraints on the coefficients of the leading CP-violating operators affecting gluon fusion (OHG˜) and
vector-boson fusion (OHW˜ ). The blind direction resulting from inclusive ∆φjj measurements is resolved through the use of
VBF-enhanced and VBF-suppressed kinematic regions. (b) Individual constraints on two CP-violating interactions affecting
vector-boson fusion (OHW˜ and OHB˜). The results are obtained using pseudo-data, and the inner and outer shaded regions
represent the 68.3% and 95.5% CI, respectively.
within the perturbativity constraint does not have a sig-
nificant effect, as shown in the top plots of Fig. 4. If we
drop this constraint the blind directions are clear (bot-
tom row of Fig. 4), showing that as the measurements
improve the combination of observables will become more
important.
Although the blind directions can be lifted with the
current dataset, the obtained constraints on CP-odd op-
erators that affect the Higgs boson coupling to weak
bosons are relatively weak (ci/Λ
2 > 1 TeV−2). This
will be improved by increasing the integrated luminos-
ity to increase the precision of these measurements. In
Fig. 5 and Table III we present the expected 1D and 2D
constraints with larger datasets of 300/fb (correspond-
ing to the end of LHC Run-3) and 3000/fb (correspond-
ing to the end of HL-LHC), for the full combination of
differential measurements we consider. Since the uncer-
tainties are dominantly statistical, a simple extrapola-
tion should be accurate up to the highest expected lu-
minosities. For the HL-LHC the results improve dra-
matically and the constrained values of ci/Λ
2 approach
unity. To demonstrate the perturbative validity of the
expected constraints, the magnitude of the interference
contribution to the most sensitive distribution, relative
to the SM contribution, is estimated using the left-hand
side of Eq. (9) and summarised in Table IV for datasets
of 300/fb and 3000/fb.
It is worth noting that the Run-3 and HL-LHC con-
straints presented above are simple extrapolations of cur-
rent ATLAS results (and those that are already possi-
ble) to higher luminosities, and a number of other mea-
surements can in principle be made that would tighten
the constraints further. For example, all the constraints
should trivially improve by about a factor of
√
2 if the
Coefficient[
TeV−2
]
36.1 fb−1 300 fb−1 3000 fb−1
cHG˜/Λ
2 [−0.19, 0.19] [−0.067, 0.067] [−0.021, 0.021]
cHW˜ /Λ
2 [−11, 11] [−3.8, 3.8] [−1.2, 1.2]
cHB˜/Λ
2 [−5.9, 5.9] [−2.1, 2.1] [−0.65, 0.65]
cHW˜B/Λ
2 [−14, 14] [−4.9, 4.9] [−1.5, 1.5]
TABLE III: Expected 1D constraints on Wilson coefficients
for each EFT operator, in units of TeV−2, after marginalising
over all other coefficients.
Coefficient Allowed magnitude of CP-odd contribution[
TeV−2
]
300 fb−1 3000 fb−1
cHG˜/Λ
2 33% 10%
cHW˜ /Λ
2 47% 15%
cHB˜/Λ
2 8% 2%
cHW˜B/Λ
2 25% 8%
TABLE IV: Expected sum of the moduli of the positive and
negative interference contributions from CP-odd operators
relative to the SM cross-section, see Eq. (9), allowed by the
constraints in Table III at a given luminosity.
proposed measurements are made by both ATLAS and
CMS. In addition, as the datasets increase, splitting the
measurement of the signed-∆φjj observable into VBF-
enhanced and VBF-suppressed phase spaces will also be
possible in the h → ZZ∗ → 4` decay channel. Fur-
thermore, model-independent ∆φjj measurements in the
h → WW ∗ → `ν`ν and h → ττ decay channels, as well
as differential cross sections as a function of the decay
angles in h → WW ∗ → `ν`ν decay would add further
constraints. Finally, model-independent differential mea-
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FIG. 4: Individual constraints on two CP-violating interactions affecting gluon fusion (OHG˜) and vector-boson fusion (OHW˜ )
(panels (a) and (c)) and affecting vector-boson fusion (OHW˜ and OHB˜) (panels (b) and (d)). Panels (a) and (b) show the 2D
constraints after marginalising over other CP-odd operators with the constraint that the associated Wilson coefficients satisfy
the condition in Eq. (9). Panels (c) and (d) show the same 2D constraints after marginalisation over other CP-odd operators,
with no conditions on the size of the Wilson coefficients. The results are obtained using pseudo-data, and inner and outer
shaded regions represent the 68.3% and 95.5% CI, respectively.
surements of other processes will be possible by the end
of Run-3 and/or HL-LHC, with CP-sensitive differential
information expected for Higgs boson production in as-
sociation with a weak boson [88] or a top-antitop quark
pair [30, 31]. The measurements of Higgs boson produc-
tion in association with a weak boson would add addi-
tional information that could constrain the OHW˜ , OHB˜
and OHW˜B operators. Measurements of Higgs boson pro-
duction in association with a top-antitop pair would con-
strain CP-violating complex phases in the EFT operators
corresponding to the Yukawa sector, thus removing the
blind direction between those operators and OHG˜ that is
implicit in this analysis.
VI. CONCLUSIONS
A better understanding of the Higgs-boson properties
remains a crucial part of the LHC phenomenology pro-
gramme, offering a wealth of opportunities to connect
the electroweak scale with other well-established features
of beyond-the-SM physics. In this sense, the search for
CP-violation in the Higgs sector is a crucial piece of the
puzzle of the TeV scale.
In this Letter, we consider CP-violating operators in
the context of gluon-fusion and vector-boson fusion pro-
duction of Higgs bosons in association with jets. By fo-
cusing on the SMEFT approach, linearised in the Wilson
coefficients, we can separate CP-odd and CP-even Higgs
boson BSM interactions. The former are then contained
in asymmetries of genuinely CP-odd observables.
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FIG. 5: Dependence of the 2D constraints for CP-odd Higgs boson interactions on the integrated luminosity of the available
dataset, without (panels (a) and (c)) and with (panels (b) and (d)) marginalisation over other CP-odd coefficients. All proposed
measurements are included. The results are obtained using pseudo-data, and inner and outer shaded regions for each luminosity
scenario represent the 68.3% and 95.5% CI, respectively.
We combine existing ATLAS differential measurements
of the signed azimuthal angle between jets in h + 2 jet
production, and calculated a combined asymmetry in this
angle of 0.3 ± 0.2. An asymmetry of this magnitude
would lead to the question of its origin, and we use its
presence to discuss measurements that can be performed
with existing data to further characterize the potential
source. In particular, separating the weak and strong
production of the Higgs boson, and supplementing the
current analyses with precision measurements of the CP-
sensitive angle Φ for h→ ZZ∗ → 4` decays, should break
the degeneracies in the CP-odd coupling space. As our
results are purely driven by asymmetries, it was not a
priori clear that the LHC would be able to obtain per-
turbatively meaningful constraints with interference-only
fits to dimension-6 Wilson coefficients. We show that al-
though the current statistical uncertainties on the mea-
surements are too large to provide constraints that are
meaningful when compared to perturbative UV comple-
tions, LHC projections suggest that the Wilson coeffi-
cients will be constrained to unity or better for new-
physics scales of 1 TeV.
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